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ABSTRACT 
Enzymatic hydrolysis has been successfully used for the extraction of numerous biologically active components 
from a wide variety of natural sources. In the present study, velvet antler was subjected to the extraction process 
using Alcalase protease. We analyzed bioactive components, such as uronic acid, sulfated-glycosaminoglycans 
(sulfated-GAGs), and sialic acid, present in the velvet antler Alcalase hydrolysate (VAAH) and assessed their 
anti-inflammatory effects in zebrafish as well as in vitro using cell lines. VAAH mainly contained uronic acid 
(78.22 mg/g) and sulfated-GAGs (50.47 mg/g), while the amount of sialic acid was negligible (5.55 mg/g). 
VAAH inhibited the production of nitric oxide (NO) by lipopolysaccharide (LPS)-induced cells in a dose-
dependent manner and the inhibitory effect of VAAH on NO production was higher than that of hot water ex-
tracts. VAAH treatment also reduced the expression of inflammatory mediators such as nitric oxide synthase 
(iNOS) and cyclooxygenase-2 (COX-2). Furthermore, we evaluated anti-inflammatory effects of VAAH using 
LPS-stimulated zebrafish. Treatment with LPS significantly increased cell death, NO, and reactive oxygen spe-
cies (ROS) levels in zebrafish. Notably, VAAH significantly inhibited the extent of LPS-stimulated cell death 
and generation of NO and ROS in zebrafish. These results suggest that VAAH alleviated inflammation and cell 
death by inhibiting the generation of ROS induced by LPS treatment. Thus, VAAH could be used as a potential 
natural remedy with a strong anti-inflammatory effect. Taken together, we believe that based on our present re-
sults, enzymatic hydrolysis of velvet antler may be an effective process to make antler products acceptable as 
elements of health foods and nutraceutical components with increased biological activity. 
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INTRODUCTION 
Inflammation is a complex physiological 
response of the body to cell damage and tis-
sue vascularization. Inflammatory responses 
are controlled by cytokines, products of 
plasma enzyme systems, and lipid mediators 
(Ross and Auger, 2002). However, excessive 
and uncontrolled inflammation is deleterious 
to all tissues, as it may cause many acute and 
chronic human diseases (Medzhitov and 
Janeway, 1997; Serhan and Savill, 2005). 
Therefore, inhibition of excessive inflamma-
tion is important for reducing the risk of in-
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flammation-derived diseases. Recently, there 
has been an increasing awareness of benefits 
of health foods from natural products and the 
interest in the discovery of phytochemical 
compounds has risen exponentially. Many 
studies identified natural anti-inflammatory 
agents derived from herbs, spices, and plants 
(Kazlowska et al., 2010; Mueller et al., 2010; 
Heo et al., 2012). However, reports that doc-
ument activity of health foods containing 
unique animal ingredients are still relatively 
rare. This is surprising because various bio-
active components are present in animal tis-
sues and they can be used in the prevention 
and treatment of many human diseases 
(Chen et al., 2010; Ge et al., 2012; Kim et 
al., 2014a). 
Velvet antler is a typical traditional ani-
mal medicine that has been used for over 
2000 years. It is considered to have various 
pharmacological effects including stimula-
tion of the immune system, increase in the 
physical strength, and enhancement of sexual 
function (Kawtikwar et al., 2010; Gilbey and 
Perezgonzalez, 2012). Nowadays, velvet ant-
ler is recognized as a traditional medicine in 
pharmacopeias of Korea, China, and Japan. 
In addition, velvet antler is also used as a 
health food supplement and a nutraceutical 
in many countries, including East Asia, New 
Zealand, Canada, and USA, to prevent dis-
eases presumably by actions of its diverse 
biological components (Sui et al., 2014). 
 Traditionally, main formulations of vel-
vet antler are decoction and medicinal liquor, 
which have been used for long time. At the 
same time, many reports have shown that 
preparations of velvet antler obtained by ex-
tractions with hot water or ethanol exhibited 
different activities (Kim et al., 2003; Je et al., 
2010). However, this approach is somewhat 
controversial, largely because of strict re-
strictions on the use of organic solvents in 
the food industry and a restricted recovery of 
water-soluble components in water extrac-
tions (Lee et al., 2012b). These extraction 
methods also could denature proteins and 
impair their activities (Sui et al., 2014). 
Therefore, to make antler products accepta-
ble as health foods and nutraceuticals, an ef-
fective and beneficial method of extraction 
of biological components from velvet antler 
has to be thoroughly investigated. Biochem-
ists use various techniques to extract bioac-
tive components from natural products. One 
of such techniques, enzymatic biomass hy-
drolysis, possesses certain benefits over oth-
er conventional techniques. Enzymes can 
transform water-insoluble materials into wa-
ter-soluble ingredients. In addition, this 
method does not use any toxic chemicals. 
Interestingly, this technique allows extract-
ing bioactive components with a high yield 
and often the extracted components show 
enhanced biological activity in comparison 
with products extracted with water and or-
ganic solvents (Lee et al., 2012a; Puri et al., 
2012; Ko et al., 2013).  
 However to the best of our knowledge, 
there have been no reports about bioactive 
components that can be extracted from vel-
vet antler by enzymatic hydrolysis. Thus, the 
objective of the present work was to analyze 
active components of the velvet antler hy-
drolysate and to study their anti-
inflammatory effects in vitro and in vivo. 
 
MATERIAL AND METHODS 
Materials 
Velvet antler was kindly provided by the 
Daesungsan Deer Farm (Daegwallyeong, 
Korea). It was obtained from farmed elk 75 
days after casting. Fresh velvet antler was 
immediately sliced using a bone slicer and 
frozen at -20 °C. Frozen velvet antler slices 
were dried with a freeze dryer (Ilshin Lab 
Co., Ltd, Korea) and then ground into a fine 
powder by a grinder (HMF-3100S, Hanil 
Co., Korea). All chemicals and reagents used 
were of analytical grade and obtained from 
commercial sources. 
 
Preparation of hot water extract of velvet 
antler 
For hot water extraction using dried vel-
vet antler, 1 g of the ground velvet antler 
powder was mixed with 100 ml of water and 
placed into a shaking incubator for 24 h at 
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70 °C. The mixtures were centrifuged at 
3000 × g for 20 min at 4 °C and filtered with 
Whatman filter paper to remove the residues. 
 
Preparation of enzymatic hydrolysate of 
velvet antler 
Velvet antler enzymatic hydrolysis was 
performed according to the previously re-
ported method (Ko et al., 2013). Six gram of 
the ground dried velvet antler powder was 
homogenized with 600 ml of distilled water 
(pH 8.0) and 60 μl of Alcalase (Novo 
Nordisk, Bagsvaerd, Denmark) was added. 
Enzymatic hydrolysis was conducted for 
24 h at 50 °C. As soon as the enzymatic re-
action had been completed, the hydrolysate 
was boiled for 10 min at 100 °C to inactivate 
the enzyme. The hydrolysate was clarified by 
centrifugation at 3000 × g for 20 min to re-
move any unhydrolyzed residue. The super-
natant of the velvet antler Alcalase hydroly-
sate (VAAH) was filtered, adjusted to pH 
7.0, and stored for subsequent use in experi-
ments. 
 
Analysis of bioactive components  
Sulfated-glycosaminoglycans (sulfated-
GAGs) content was determined by the dime-
thylmethylene blue (DMB) dye assay meth-
od (Farndale et al., 1986). Briefly, the color 
reagent was prepared by dissolving 0.008 g 
of DMB in a solution containing 1.185 g 
NaCl, 1.520 g glycine, 0.47 ml of 12 M HCl 
dissolved in 500 ml of distilled water. Each 
sample was mixed with 1 ml of this color 
reagent, and the absorbance was read imme-
diately at 525 nm. 
Uronic acid content was determined by 
the carbazole reaction (Cesaretti et al., 2003). 
A 50-μl standard (carbazole) or samples 
were placed in a 96-well plate and supple-
mented with 200 μl of 25 mM sodium tetra-
borate solution in sulfuric acid. The plate 
was heated for 10 min at 100 °C in an oven. 
After cooling the plate for 15 min at room 
temperature, we carefully added 50 μl of 
0.125 % carbazole dissolved in absolute eth-
anol. After a repeated round of heating at 
100 °C for 10 min in the oven and cooling at 
room temperature for 15 min, the plate was 
read using a micro titer plate reader at a 
wavelength of 550 nm. 
The sialic acid content was determined 
by the method of Warren (1959) with a slight 
modification. Briefly, samples were hydro-
lyzed in 0.1 M H2SO4 in a final volume of 
1 ml for 1 h at 80 °C. Both the standard and 
samples were incubated with 1 ml periodate 
solution at 37 °C for 30 min. After addition 
of 0.25 ml of 0.32 M sodium thiosulfate so-
lution, the tubes were shaken until the char-
acteristic yellow-brown color disappeared. 
The reaction was completed by the addition 
of 1.25 ml of 0.1 M thiobarbituric acid 
(TBA) solution and using a repeated cycle of 
heating the tubes to 100 °C for 15 min and 
cooling them to room temperature. The 
product was extracted with acidic butanol 
and optical density was determined at 
549 nm. 
 
Cell culture 
The murine macrophage cell line RAW 
264.7 was purchased from the Korean Cell 
Line Bank (KCLB; Seoul, Korea). 
RAW264.7 cells were cultured in the Dul-
becco’s modified Eagle’s medium (DMEM; 
GIBCO Inc., NY, USA) supplemented with 
100 U/ml penicillin, 100 μg/ml streptomycin 
and 10 % FBS. The cells were then incubat-
ed in an atmosphere of 5 % CO2 at 37 °C and 
subcultured every 3 days. 
 
Determination of cell viability 
Cell viability was measured using the 
conventional 3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyltetrazolium bromide (MTT) as-
say. RAW 264.7 cells were seeded in 96-
well plates at a concentration of 1.5 × 105 
cells/ml. After 16 h, the cells were treated 
with lipopolysaccharide (LPS; 1 μg/ml) and 
the sample, followed by an additional incu-
bation for 24 h at 37 °C. MTT stock solution 
(2 mg/ml) was added to wells for a total re-
action volume of 200 μl. After a 4-h incuba-
tion period, the plates were centrifuged for 5 
min at 800 × g and the supernatants were as-
pirated. Formazan crystals in each well were 
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dissolved in 150 μl of dimethyl sulfoxide 
(DMSO) and the absorbance was measured 
by a microplate reader at a wavelength of 
540 nm.  
 
Nitric oxide (NO) production measurement 
Cells were plated at a density of 1.5 × 
105 cells/well in 24-well plates and then in-
cubated with or without LPS (1 μg/ml) in the 
absence or presence of various concentra-
tions of the sample for 24 h. In brief, 100 μl 
of cell culture medium was mixed with 
100 μl of Griess reagent (1 % sulfanilamide 
and 0.1 % naphthylethylenediamine dihy-
drochloride in 2.5 % phosphoric acid). The 
mixture was then incubated at room tempera-
ture for 10 min and the absorbance at 
540 nm was measured by a microplate read-
er. Fresh culture media were used as blanks 
for all experiments. Nitrite levels in samples 
were determined using a standard sodium 
nitrite curve. 
 
Western blot analysis 
RAW 264.7 cells (1.0 × 106 cells/mL) 
were treated with LPS (1 μg/ml) and the 
sample for 24 h and cellular proteins were 
extracted from the cells. Protein concentra-
tions were determined using a Bio-Rad pro-
tein assay kit (Bio-Rad, CA, USA) with bo-
vine serum albumin (BSA) as a standard. 
Cell lysates (30–50 μg) were separated by 
SDS–PAGE (8–12 %) and the separated pro-
teins were transferred to PVDF membranes 
(Bio-Rad) for 2 h. The membranes were pre-
incubated with the blocking solution (5 % 
skim milk in Tris-buffered saline containing 
Tween-20) at room temperature for 2 h and 
then incubated with an anti-mouse iNOS an-
tibody (1:1000; Calbiochem, La Jolla, CA, 
USA) and an anti-mouse COX-2 antibody 
(1:1000; BD Biosciences Pharmingen, San 
Jose, CA, USA) for 2 h at room temperature. 
After washing, the blots were incubated with 
horseradish peroxidase conjugated goat anti-
mouse IgG secondary antibody (1:5000; 
Amersham Pharmacia Biotech, Little Chal-
font, UK) for 30 min. The bands were visual-
ized by chemiluminescence on X-ray films 
using ECL detection reagent (Amersham Bi-
osciences, Piscataway, NJ, USA). 
 
Origin and maintenance of parental 
zebrafish 
Adult zebrafish were obtained from a 
commercial dealer (Seoul aquarium, Seoul, 
Korea) and 10 fishes were kept in a 3-l acryl-
ic tank with the following conditions; at 
28.5 °C with a 14:10 h light:dark cycle. 
Zebrafish were fed three times a day, 6 
days/week, with Tetramin flake food sup-
plemented with live brine shrimps (Artemia 
salina; SE WHA PET food Co., Seoul, Ko-
rea). In the morning (on set of light), embry-
os were obtained from natural spawning. The 
collection of embryos was completed within 
30 min. 
 
Evaluation of cell death and generation of 
intracellular reactive oxygen species (ROS) 
and nitric oxide (NO) in zebrafish embryo 
Synchronized zebrafish embryos were col-
lected and arrayed by a pipette in 12-well 
plates. Each well contained 2 ml of the em-
bryo medium with 15 embryos during 7–9 h 
post-fertilization (hpf). Then the embryos 
were incubated with or without test samples 
for 1 h. To induce inflammation, the embry-
os were exposed to 10 µg/ml LPS dissolved 
in the embryo medium for 24 hpf at 28.5 °C. 
Thereafter, zebrafish embryos were trans-
ferred into fresh embryo medium, where 
they developed for up to 2 days post-
fertilization (dpf). Cell death, intracellular 
ROS and NO generation in zebrafish embry-
os were estimated according to methods de-
scribed by Lee et al. (2013) and Kim et al. 
(2014b). Acridine orange is a nucleic acid 
selective fluorescent cationic dye useful for 
staining necrotic or very late apoptotic cells. 
Cell death was detected in live embryos us-
ing acridine orange staining. The zebrafish 
embryos were transferred into 24-well plates 
and treated with acridine orange solution 
(7 µg/ml), and the plates were incubated for 
30 min in the dark at 28.5 °C. After incuba-
tion, the embryos were rinsed with fresh em-
bryo media and anesthetized before observa-
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tion and observed under a fluorescence mi-
croscope, which was equipped with a 
CoolSNAP-Pro color digital camera (Olym-
pus, Tokyo, Japan). The images of stained 
embryos were analyzed for cell death and 
fluorescence intensity of individual embryos 
was quantified using ImageJ 1.46r software 
(Wayne Rasband, National Institutes of 
Health, Bethesda, MD, USA). Cell death 
were calculated by comparing the fluores-
cence intensity of treatment embryos to the 
controls.  
ROS generation in zebrafish embryos was 
detected using an oxidation-sensitive fluo-
rescent probe dye, 2’,7’-dichlorodihydro-
fluorescein diacetate (DCF-DA). The zebra-
fish embryos were transferred into 24-well 
plates and treated with DCF-DA solution 
(20 µg/ml), and the plates were incubated for 
1 h in the dark at 28.5 °C. After incubation, 
the embryos were rinsed with fresh embryo 
media and anesthetized before observation 
and observed under a fluorescence micro-
scope, which was equipped with a Cool-
SNAP-Pro color digital camera (Olympus, 
Tokyo, Japan). The images of stained em-
bryos were analyzed for ROS generation and 
fluorescence intensity of individual embryos 
was quantified using ImageJ 1.46r software 
(Wayne Rasband, National Institutes of 
Health, Bethesda, MD, USA). Generation of 
ROS were calculated by comparing the fluo-
rescence intensity of treatment embryos to 
the controls. 
NO generation in zebrafish embryos was 
detected using a fluorescent probe dye, dia-
mino-fluorophore 4-amino-5-methylamino-
2’,7’-difluorofluorescein diacetate (DAF-FM 
DA). The zebrafish embryos were trans-
ferred into 24-well plates and treated with 
DAF-FM DA solution (5 µM), and incubated 
for 1 h in the dark at 28.5 °C. After incuba-
tion, the embryos were rinsed with fresh em-
bryo media and anesthetized before observa-
tion and observed under a fluorescence mi-
croscope, which was equipped with a 
CoolSNAP-Pro color digital camera (Olym-
pus, Tokyo, Japan). The images of stained 
embryos were analyzed for NO generation 
and fluorescence intensity of individual em-
bryos was quantified using ImageJ 1.46r 
software (Wayne Rasband, National Insti-
tutes of Health, Bethesda, MD, USA). Gen-
eration of NO were calculated by comparing 
the fluorescence intensity of treatment em-
bryos to the controls. 
 
Statistical analysis  
The data are presented as the mean ± 
standard error. Statistical comparisons were 
performed using the SPSS package for Win-
dows (Version 14). Differences between 
groups were considered significant if P < 
0.05.  
 
RESULTS AND DISCUSSION 
Analysis of VAAH bioactive components 
Traditional extraction of bioactive com-
ponents derived from velvet antler generally 
utilized hot water. However, there is some 
controversy surrounding this approach, 
largely because of the extremely limited re-
covery of water-soluble components in water 
extractions. Recently, enzymatic extraction 
has been successfully applied for the extrac-
tion of numerous biologically active com-
pounds from a great variety of natural prod-
ucts. This technique results in high yields of 
bioactive compounds, which show enhanced 
biological activity compared with ingredients 
extracted by water or organic solvents (Lee 
et al., 2012a; Puri et al., 2012; Ko et al., 
2013). Therefore, in the present study, velvet 
antler was enzymatically hydrolyzed by us-
ing commercial proteases such as Alcalase 
(VAAH) to make antler products acceptable 
as health foods and nutraceuticals.  
The extraction yield and the list of bioac-
tive components of VAAH are shown in Ta-
ble 1. The total extraction yield from VAAH 
was 32 %, which was higher than the extrac-
tion yield achieved with the hot water extract 
(25 %). With regards to bioactive compo-
nents, uronic acid content in VAAH com-
prised 78.22 mg/g and was, therefore, higher 
than concentrations of other extractable 
components. VAAH also contained a signifi-
cant quantity of sulfated-GAGs (50.47 mg/g) 
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with minor amounts of the sialic acid (5.55 
mg/g). These results suggest that the major 
bioactive component of VAAH is uronic ac-
id, an acidic polysaccharide. It has been re-
ported that uronic acid content was relatively 
higher than quantities of other bioactive 
components in velvet antler (Sunwoo et al., 
1995; Je et al., 2010). When compared to 
previously published hot water extracts data 
(Je et al., 2010), the sialic acid content of 
VAAH obtained in this study was similar to 
that observed in hot water extracts. However, 
sulfated-GAGs and uronic acid content were 
higher than those from hot water extracts. 
Taken together, these data indicate that en-
zymatic extraction techniques for the extrac-
tion of bioactive components of velvet antler 
may be more advantageous than hot water 
extraction. 
 
Effects of VAAH on LPS-induced NO  
production and cytotoxicity  
Macrophages produce NO in response to 
bacterial LPS and NO production can be 
controlled by a selective pharmacological 
inhibition of distinct nitric oxide synthase 
isoforms (Southan and Szabo, 1996; Sarkar 
et al., 2008). NO plays a pivotal role in many 
body functions, however, its overproduction, 
especially in macrophages, can lead to cyto-
toxicity, inflammation, and inflammation-
derived diseases (Liu and Hotchkiss, 1995). 
Therefore, inhibition of NO can provide an 
effective strategy for preventing inflammato-
ry diseases. 
In this study, we evaluated potential anti-
inflammatory effects of VAAH on NO pro-
duction in LPS-stimulated RAW 264.7 cells. 
LPS markedly stimulated NO production in 
these cells compared to its effects in control 
cells. However, VAAH significantly inhibit-
ed NO production in LPS-stimulated cells in 
a dose-dependent manner. Furthermore, the 
inhibitory effect of VAAH on NO produc-
tion was higher than that of hot water ex-
tracts (Figure 1A). In addition, VAAH did 
not have any cytotoxic effect on RAW 264.7 
cells at all concentrations tested (Figure 1B). 
 
 
Figure 1: Effects of enzymatic hydrolysate of 
velvet antler (VAAH) on NO production (A) 
and cytotoxicity (B) in LPS-induced RAW 
264.7 cells.  
Cells were pretreated for 1 h with different concentra-
tions of hot water extract (HWE) and VAAH, LPS 
(1 μg/ml) was then added and cells were incubated for 
24 h. Cytotoxicity was determined using the MTT as-
say. Each value is expressed as mean ± SE (n=3). 
Significant difference from the HWE group was identi-
fied at *p < 0.05 as analyzed via Duncan's multiple 
range test. 
 
 
 
 
 
 
Table 1: The extraction yield and bioactive component composition of velvet antler enzymatic hydroly-
sate (VAAH) 
 Yield 
( %) 
Uronic acid 
(mg/g) 
Sulfated-GAGs 
(mg/g) 
Sialic acid (mg/g) 
VAAH 32.00 ± 1.33 78.22 ± 10.00 50.47 ± 1.15 5.55 ± 0.15 
Each value is expressed as mean ± SE (n=3). 
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Thus, the observed inhibitory effects are 
unlikely to be attributable to cytotoxic ac-
tion. Our findings suggest that VAAH might 
play a role in inhibiting NO release. Previ-
ously, Suh et al. (2007) showed that water 
extract of velvet antler possess anti-
inflammatory activities in arthritic joints of 
mice that are associated with suppression of 
inflammatory mediators. The previous and 
present results indicate that velvet antler has 
anti-inflammatory activities.  
 
Effects of VAAH on LPS-induced  
expression of iNOS and COX-2 proteins 
 Pro-inflammatory enzymes, including 
inducible nitric oxide synthase (iNOS) and 
cyclooxygenase-2 (COX-2), are capable of 
producing large amounts of NO, which, in 
turn, influences many chronic diseases asso-
ciated with inflammation. We carried out 
Western blot analysis to determine whether 
the inhibitory effects of VAAH on the pro-
inflammatory mediator NO were related to 
the modulation of iNOS and COX-2 expres-
sion. LPS-stimulated overexpression of iN-
OS and COX-2 proteins was reduced by 
VAAH in a dose-dependent manner com-
pared to the expression seen in LPS-
stimulated cells (Figure 2). These results 
suggest that the effect of VAAH on the inhi-
bition of the release of NO as key mediators 
of inflammation may be attributed to expres-
sional inhibition of iNOS and COX-2. 
 
Effects of VAAH on cell death and on  
intracellular ROS and NO generation in 
zebrafish  
Recent studies have reported that 
zebrafish was used to rapidly and simply as-
sess the anti-inflammatory activity against 
LPS-stimulated inflammation in vivo (Park 
and Cho, 2011). Therefore, in the present 
study, we investigated the anti-inflammatory 
effect of VAAH in vivo using zebrafish 
model. Intracellular ROS generation can be 
detected using oxidation sensitive fluores-
cent probe dye, 2’,7’-dichlorodihydro-
fluorescein diacetate (DCF-DA) as the sub-
strate. DCF-DA exhibits no fluorescence 
without ROS and becomes fluorescent upon 
interaction with ROS (Handa et al., 2006). 
Zebrafish incubated with LPS showed that 
generation of ROS is significantly higher 
relative to the non-LPS treated zebrafish
 
Figure 2: Effects of VAAH on LPS-induced 
iNOS and COX-2 protein expressions in LPS- 
RAW 264.7 cells. 
Cells were treated for 1 h with different concentrations 
of VAAH and then LPS (1 μg/ml) was added and incu-
bated for 24 h. Equal amounts of cell lysates were 
subjected to electrophoresis and analyzed for iNOS 
and COX-2 expressions by Western blot. GAPDH was 
used as an internal control. (A) iNOS and COX-2 pro-
tein expression; (B) expression levels of iNOS and 
COX-2. Each value is expressed as mean ± SE (n=3). 
Significant difference from the only LPS-treated group 
was identified at *p < 0.05 as analyzed via Duncan's 
multiple range test. 
 
 
(negative control). Pretreatment with VAAH 
before LPS administration showed a signifi-
cantly reduced ROS generation (Figure 3). 
This result suggests an inhibition of ROS 
generation by VAAH treatment. We also 
evaluated the inhibitory effect of VAAH on 
LPS-induced NO production in zebrafish by 
using the fluorescent probe dye diamino-
fluorophore 4-amino-5-methylamino-2’,7’-
difluorofluorescein diacetate (DAF-FM DA). 
Transformation of DAF-FM DA by NO in 
the presence of dioxygen generates highly 
fluorescent triazole derivatives (Itoh et al., 
2000). Figure 4 shows that NO level in 
zebrafish was significantly elevated by the 
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LPS treatment as compared with the non-
LPS treated zebrafish (negative control). 
However, the NO level in the VAAH-treated 
zebrafish was reduced significantly. The lev-
el of NO in zebrafish treated with LPS was 
126.77 %, but pretreatment with 100 µg/ml 
of VAAH together with LPS exposure re-
sulted in a lower NO level of 102.21 %. Ac-
ridine orange is a nucleic acid selective fluo-
rescent cationic dye useful for apoptotic 
cells. 
 
Figure 3: Inhibitory effect of VAAH on LPS-
stimulated ROS production in zebrafish.  
The zebrafish embryos were pretreated with VAAH 
and exposed to LPS (10 µg/ml). Fluorescence micro-
graphs of LPS-stimulated ROS generation in zebrafish 
embryos (A). The ROS generation level was meas-
ured by fluorescence intensity after staining with DCF-
DA (B). Each value is expressed as mean ± SE (n=3). 
Significant difference from the only LPS-treated 
zebrafish was identified at *p < 0.05 as analyzed via 
Duncan's multiple range test. 
 
 
Figure 4: Inhibitory effect of VAAH on LPS-
stimulated NO production in zebrafish.  
The zebrafish embryos were pretreated with VAAH 
and exposed to LPS (10 µg/ml). Fluorescence micro-
graphs of LPS-stimulated NO generation in zebrafish 
embryos (A). The NO generation level was measured 
by fluorescence intensity after staining with DAF-FM-
DA (B). Each value is expressed as mean ± SE (n=3). 
Significant difference from the only LPS-treated 
zebrafish was identified at *p < 0.05 as analyzed via 
Duncan's multiple range test. 
 
 
Lastly, Figure 5 shows that cell death in-
duced by LPS treatment was confirmed via 
acridine orange as 127 % fluorescence inten-
sity. Cell death in zebrafish was significantly 
elevated by the LPS treatment as compared 
with non-LPS treated zebrafish (negative 
control). However, the LPS-induced cell 
death in VAAH-treated zebrafish was signif-
icantly reduced in a dose-dependent manner. 
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Previous studies have indicated that in-
creased ROS level induces oxidative stress 
which can result in the development of a va-
riety of biochemical and physiological le-
sions. Such cellular damage frequently im-
pairs the metabolic function and results in 
cell death and inflammation of tissues 
(Finkel and Holbrook, 2000).  
 
 
Figure 5: Protective effect of VAAH on LPS-
stimulated cell death in zebrafish.  
The zebrafish embryos were pretreated with VAAH 
and exposed to LPS (10 µg/ml). Fluorescence micro-
graphs of LPS-stimulated cell death in zebrafish em-
bryos (A). The cell death level was measured by fluo-
rescence intensity after staining with acridine orange 
(B). Each value is expressed as mean ± SE (n=3). 
Significant difference from the only LPS-treated 
zebrafish was identified at *p < 0.05 as analyzed via 
Duncan's multiple range test. 
 
 
In this study, LPS treatment was found to 
increase ROS generation in zebrafish and 
VAAH was found to effectively inhibit ROS 
generation. These findings indicate that 
VAAH alleviated inflammation and cell 
death by inhibiting ROS generation induced 
by LPS treatment. This outcome could ex-
plain potential anti-inflammatory activity of 
VAAH, which might have a beneficial effect 
during the treatment of inflammatory diseas-
es. 
In conclusion, the present study demon-
strated that VAAH contained a considerable 
amount of bioactive components such as si-
alic acid, sulfated-GAGs, and uronic acid. 
Furthermore, VAAH exhibited a stronger 
anti-inflammatory action compared to the 
effects seen in the case of hot water extracts. 
VAAH also exhibited a potent anti-inflam-
matory effect in a zebrafish model. There-
fore, enzymatic hydrolysis of velvet antler is 
an effective process to make antler-derived 
products more acceptable as health foods and 
nutraceuticals with increased bioactivity. In 
summary, velvet antler enzymatic hydroly-
sate can be used as a potential natural source 
of substances with a strong anti-inflam-
matory effect. 
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